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1
VANE DEVICE FOR A DYNAMIC FLOW
ANGLE MEASUREMENT

FIELD

The present disclosure relates to a vane for gust sensing,
and more particularly, to a gust sensing vane device for a flow
angle measurement.

BACKGROUND

Conventional gust measuring devices may have low accu-
racy and high lag time associated with dynamic flow angle
measurements at high angular accelerations. High lag time is
of course relative, as most devices are capable of providing
measurements within milliseconds. However, the responsive-
ness of the measuring device, even at a range of milliseconds,
may be significant for various applications. FIG. 1 illustrates
atypical flow measuring device with a traditional delta-shape
cross-section.

SUMMARY

A gust sensing vane may have improved performance for
time lag responsiveness and noise characteristics over a prior
art delta-shaped vane. In various embodiments, a gust sensing
vane may have a cropped-delta shape and be configured to
align to a fluid flow direction, where the gust sensing vane
comprises a forward portion having a leading edge and an aft
portion having a first trailing edge and a second trailing edge.
A cross-sectional area of the forward portion may have a
triangular shape. Furthermore, a cross-sectional area of the
aft portion has two substantially parallel sides to form the
cropped-delta shape of the gust sensing vane. The gust sens-
ing vane may be coupled to, and extend away from, a rotary
hub. Furthermore, in various embodiments, the leading edge
of the forward portion may be rounded. Additionally, in vari-
ous embodiments, the first trailing edge and the second trail-
ing edge of the aft portion may each be sharp trailing edges of
approximately 90°.

BRIEF DESCRIPTION OF THE DRAWINGS

The subject matter of the present disclosure is particularly
pointed out and distinctly claimed in the concluding portion
of the specification. A more complete understanding of the
present disclosure, however, may best be obtained by refer-
ring to the detailed description and claims when considered in
connection with the drawing figures, wherein like numerals
denote like elements.

FIG. 1 illustrates a prior art delta-shaped gust measuring
device;

FIG. 2A illustrates, in accordance with various embodi-
ments, a sectional view of a gust sensing vane;

FIG. 2B illustrates, in accordance with various embodi-
ments, a perspective view of a gust sensing vane;

FIG. 3 is a graphical illustration of sensing lag time of an
exemplary gust sensing vane compared to a prior art delta-
shaped vane across various fluid speeds;

FIG. 4A is a graphical illustration of vane noise character-
istics of an exemplary gust sensing vane compared to a prior
art delta-shaped vane at 250 knots;

FIG. 4B is a graphical illustration of vane noise character-
istics of an exemplary gust sensing vane compared to a prior
art delta-shaped vane at 350 knots; and
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FIG. 5 illustrates, in accordance with various embodi-
ments, alignment torque of an exemplary gust sensing vane in
comparison to alignment torque of a prior art delta-shaped
vane.

DETAILED DESCRIPTION

The detailed description of exemplary embodiments herein
makes reference to the accompanying drawings, which show
exemplary embodiments by way of illustration and their best
mode. While these exemplary embodiments are described in
sufficient detail to enable those skilled in the art to practice the
inventions, it should be understood that other embodiments
may be realized and that logical, electrical, material, and
mechanical changes may be made without departing from the
spirit and scope of the inventions. Thus, the detailed descrip-
tion herein is presented for purposes of illustration only and
not of limitation. For example, the steps recited in any of the
method or process descriptions may be executed in any order
and are not necessarily limited to the order presented. Fur-
thermore, any reference to singular includes plural embodi-
ments, and any reference to more than one component or step
may include a singular embodiment or step. Also, any refer-
ence to attached, fixed, connected or the like may include
permanent, removable, temporary, partial, full and/or any
other possible attachment option. Additionally, any reference
to without contact (or similar phrases) may also include
reduced contact or minimal contact.

Gust sensing vanes provide unique aerodynamic shape for
the sensing element of a flow measurement device which
allows for increased responsiveness with a sufficiently short
lag time from a sensor input to sensor output while maintain-
ing a dither characteristic during dynamic angle measure-
ments at high angular acceleration. Applicable to sensors
installed on moving platforms such as aircraft, helicopters,
hovercraft, and watercraft, as well as stationary platforms that
involve continuous accurate measurement of fluid flow (e.g.,
wind tunnels and other testing devices).

A gust sensing vane aligns to a fluid flow direction and can
be part of a fluid direction measurement system. The gust
sensing vane may be designed to operate in either a gas
environment or a liquid environment. In accordance with
various embodiments and with reference to FIGS. 2A and 2B,
a gust sensing vane 200 may have a cropped-delta shape. The
gust sensing vane 200 may comprise a forward portion 201
having a leading edge 202, and an aft portion 203 having a
first trailing edge 204 and a second trailing edge 205. A
cross-sectional area of the forward portion 201 may have a
triangular shape, and a cross-sectional area of the aft portion
203 may have two substantially parallel sides. In various
embodiments, the gust sensing vane 200 may be coupled to,
and extending away from, a rotary hub 206.

Furthermore, in various embodiments, the leading edge
202 of the gust sensing vane 200 may be rounded. A rounded
leading edge 202 may be beneficial in environments where
icing of the gust sensing vane is of concern. Moreover, in
various embodiments, the first trailing edge 204 and the sec-
ond trailing edge 205 of the aft portion 203 may be sharp
trailing edges. As used herein, a sharp trailing edge is defined
as an approximately 90° corner. In other various embodi-
ments, the first trailing edge 204 and the second trailing edge
205 of the aft portion 203 may be curved or rounded trailing
edges. The shape of the first and second trailing edges 204,
205 may have various aerodynamic effects on the gust sens-
ing vane.

As mentioned above, the gust sensing vane may be coupled
to a rotary hub. Further, in various embodiments and with
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continued reference to FIG. 2B, the gust sensing vane 200
may be coupled to the rotary hub 206 and extends at a rear-
ward sweep angle 210 from the rotary hub 206. In other
various embodiments, the gust sensing vane may extend from
the rotary hub at various sweep angles to the rotary hub. In yet
other various embodiments, the gust sensing vane may extend
perpendicular to the rotary hub and be offset from the axis of
rotation of the rotary hub. Furthermore, in various embodi-
ments and with continued reference to FIG. 2B, the gust
sensing vane 200 may further comprise an aft notch angle 212
between the gust sensing vane 200 and the rotary hub 206.

The rotary hub may be coupled to an airplane chassis 211.
The gust sensing vane may be part of a wind measurement
device. The wind measurement device may determine the
airflow direction, and measure gusts in the airflow. In order to
adjust for vertical wind gusts, a gust sensing vane may be
positioned substantially parallel to a plane perpendicular to
the vertical fluid flow. In some applications, the airflow direc-
tion and gust information can be used to improve the perfor-
mance of an aircraft as well as reduce its turbulence levels. In
these applications, the wind measurement device may be
mounted on the aircraft nose in order to detect a wind gust as
early as possible. After detection by the wind measurement
device, the gust data may be transmitted to the aircraft flight
control system. The flight control system may be able to move
the aircraft control surfaces using advanced algorithms based
on the gust data in order to compensate for the gust. Measure-
ment accuracy is an important factor for this system because
the control surface movement magnitude is dependent on the
measured gust profile. Similarly, data latency is an important
factor as well since the system must detect, compute, and
compensate for a gust by the time the gust reaches the wings.
In a typical application, this series of events may occur in less
than 0.1 seconds.

In aircraft environments, a gust sensing vane may be sub-
ject to icing, which decreases the accuracy and responsive-
ness of the device. In order to prevent icing, in various
embodiments, the gust sensing vane may further comprise a
heating element located within the aft portion and extending
along at least a portion of a length of the gust sensing vane.
The gust sensing vane may include the heating element in
metal embodiments of the vane. For example, the gust sens-
ing vane may be made of at least one of copper, aluminum, or
other suitable metals. In accordance with various embodi-
ments, the gust sensing vane has improved de-icing perfor-
mance due to reduced cross-sectional area exposed to mois-
ture impingement during icing conditions as compared to a
prior art delta-shaped sensing vane. Also, the reduced cross-
sectional areas of the sensing vane may result in portions of
the perimeter being closer to a heating element, and therefore
more efficient de-icing performance.

The gust sensing vane may further comprise a surface
treatment, such as an anodized surface treatment of an alu-
minum gust sensing vane. The surface treatment may
improve one or more of vane strength, de-icing characteris-
tics, corrosion resistance, and wear resistance. Moreover, in
various embodiments, the gust sensing vane may be made of
plastic, wood, composite materials, or other suitable materi-
als.

An exemplary gust sensing vane may have a forward por-
tion and an aft portion as illustrated in FIG. 2A. The propor-
tions of the forward and aft portions may be designed for
specific aerodynamic responses and for different applica-
tions. In various embodiments, the proportions of the forward
portion and aft portion lengths may be between 35% and 65%
relative to each other. For example, in one embodiment, the
forward portion and the aft portion may each be 50% of the
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overall gust sensing vane cross-sectional length. In another
embodiment, the forward portion may be 65% of the overall
gust sensing vane cross-sectional length and the aft portion
may be 35%. In yet another embodiment, the forward portion
may be 35% of the overall gust sensing vane cross-sectional
length and the aft portion may be 65%. Furthermore, all
various ranges between 35% and 65% are contemplated
herein. As described in another manner, in various embodi-
ments, the ratio of the forward portion to the aft portion is 1:1
within 15% variance. The value of the variance may be depen-
dent on one or more of an expected fluid flow velocity, vis-
cosity, density, the expected fluid environment, and the
desired system performance.

Furthermore, another aspect of the gust sensing vane is the
angle of the leading edge of the forward portion. In various
embodiments, the angle of the leading edge of the forward
portion is symmetrical about a bisecting axis of the gust
sensing vane, and the angle is between about 10° to about 30°.
Moreover, in various embodiments, the angle of the leading
edge of the aft portion is symmetrical about a bisecting axis of
the gust sensing vane, and the angle of the leading edge is
approximately 20°. The gust sensing vane of 1, further com-
prising a curved transition between the forward portion and
the aft portion.

As previously mentioned, responsiveness of a gust sensing
vane is an important performance factor. Testing of the vari-
ous embodiments disclosed herein has shown high respon-
siveness and a significant reduction in time lag between sen-
sor input to sensor output in comparison to currently
implemented designs. FIG. 3 is a graphical illustration of the
measured time lag testing results, which compares the gust
sensing vane performance against prior art delta-shaped
device performance. In an exemplary result, at 250 knots of
wind speed, the gust sensing vane may align to the fluid flow
direction with a time lag less than 10 milliseconds. Compared
to a delta-shaped design, the time lag was reduced by 6.933
milliseconds at 250 knots for a 45.7% reduction. Similarly, in
an exemplary result, at 350 knots of wind speed, the gust
sensing vane may align to the fluid flow direction with a time
lag less than 5 milliseconds. Compared to a delta-shaped
design, the time lag was reduced by 8.353 milliseconds at 350
knots for a 92.6% reduction. In addition, FIGS. 4A and 4B are
graphical illustrations of the measure noise characteristics
testing results. As shown, FIG. 4A illustrates measured noise
at 250 knots and FIG. 4B illustrates measured noise at 350
knots. The testing shows that the noise characteristics were
substantially unchanged between the gust sensing vane per-
formance and the prior art delta-shaped device performance.

Another way to describe the increased performance of the
gust sensing vane may be the increased torque generation of
the vane for the same applied force compared to a prior art
sensing vane. The increased torque generation may result in
quicker responses to fluid flow changes and provide improved
static accuracy of the vane. The exemplary gust sensing vane
may provide increased torque generation due to less mass of
the vane and may provide improvement due to an angle of
incident factor of the fluid flow change. Furthermore, as illus-
trated in FIG. 5, an exemplary gust sensing vane, if mis-
aligned from the local fluid flow, may create a low pressure
zone on the leeward side of the vane, which increases the
aligning torque when compared to a prior art shape. Thus the
aligning torque T, of a cropped delta-shaped vane may be
greater than the aligned torque T, of a prior art delta-shaped
vane.

Benefits, other advantages, and solutions to problems have
been described herein with regard to specific embodiments.
Furthermore, the connecting lines shown in the various fig-
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ures contained herein are intended to represent exemplary
functional relationships and/or physical couplings between
the various elements. It should be noted that many alternative
or additional functional relationships or physical connections
may be present in a practical system. However, the benefits,
advantages, solutions to problems, and any elements that may
cause any benefit, advantage, or solution to occur or become
more pronounced are not to be construed as critical, required,
or essential features or elements of the inventions. The scope
of'the inventions is accordingly to be limited by nothing other
than the appended claims, in which reference to an element in
the singular is not intended to mean “one and only one” unless
explicitly so stated, but rather “one or more.” Moreover,
where a phrase similar to “at least one of A, B, or C” is used
in the claims, it is intended that the phrase be interpreted to
mean that A alone may be present in an embodiment, B alone
may be present in an embodiment, C alone may be present in
an embodiment, or that any combination of the elements A, B
and C may be present in a single embodiment; for example, A
and B, A and C, B and C, or A and B and C. Different
cross-hatching is used throughout the figures to denote dif-
ferent parts but not necessarily to denote the same or different
materials.

Systems, methods and apparatus are provided herein. In
the detailed description herein, references to “one embodi-
ment”, “an embodiment”, “various embodiments”, etc., indi-
cate that the embodiment described may include a particular
feature, structure, or characteristic, but every embodiment
may not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not necessarily
referring to the same embodiment. Further, when a particular
feature, structure, or characteristic is described in connection
with an embodiment, it is submitted that it is within the
knowledge of one skilled in the art to affect such feature,
structure, or characteristic in connection with other embodi-
ments whether or not explicitly described. After reading the
description, it will be apparent to one skilled in the relevant
art(s) how to implement the disclosure in alternative embodi-
ments.

Furthermore, no element, component, or method step in the
present disclosure is intended to be dedicated to the public
regardless of whether the element, component, or method
step is explicitly recited in the claims. No claim element
herein is to be construed under the provisions of 35 U.S.C.
112(f), unless the element is expressly recited using the
phrase “means for”” As used herein, the terms “comprises,”
“comprising,” or any other variation thereof, are intended to
cover a non-exclusive inclusion, such that a process, method,
article, or apparatus that comprises a list of elements does not
include only those elements but may include other elements
not expressly listed or inherent to such process, method,
article, or apparatus.

The invention claimed is:

1. A gust sensing vane having a cropped-delta shape and for
being coupled to a rotary hub, wherein the gust sensing vane
comprises:

a forward portion tapering to a straight leading edge that

has a length along an axis perpendicular to the rotary

10

15

20

25

30

35

40

45

50

55

6

hub, wherein a cross-sectional area of the forward por-
tion has a triangular shape; and

an aft portion having a first trailing edge and a second

trailing edge, wherein a cross-sectional area of the aft
portion has two substantially parallel sides;

wherein the gust sensing vane is configured to be coupled

to, and extend away from, the rotary hub;

wherein the leading edge of the forward portion is swept

rearward and is symmetrical about a bisecting axis that
extends away from the rotary hub; and

wherein the gust sensing vane aligns to a fluid flow direc-

tion.

2. The gust sensing vane of claim 1, wherein the leading
edge is rounded.

3. The gust sensing vane of claim 1, wherein the first
trailing edge and the second trailing edge are each sharp
trailing edges of approximately ninety degrees (90°).

4. The gust sensing vane of claim 1, wherein the gust
sensing vane is part of a wind measurement device, and
wherein the rotary hub is coupled to an airplane chassis.

5. The gust sensing vane of claim 4, wherein the leading
edge is positioned substantially parallel to a plane perpen-
dicular to the fluid flow direction.

6. The gust sensing vane of claim 1, further comprising an
aft notch angle between the gust sensing vane and the rotary
hub.

7. The gust sensing vane of claim 1, further comprising a
heating element located within the aft portion and extending
along at least a portion of a length of the gust sensing vane.

8. The gust sensing vane of claim 1, wherein the gust
sensing vane comprises at least one of copper or aluminum.

9. The gust sensing vane of claim 8, further comprising a
surface treatment for at least one of improved vane strength,
improved de-icing characteristics, corrosion resistance, and
wear resistance.

10. The gust sensing vane of claim 1, wherein the gust
sensing vane comprises at least one of plastic, wood, or a
composite material.

11. The gust sensing vane of claim 1, wherein each of the
forward portion and the aft portion of the gust sensing vane is
at least 35% of the cross-sectional length.

12. The gust sensing vane of claim 1, wherein a ratio of the
forward portion to the aft portion is 1:1 within 15% variance,
and wherein the value of the variance is dependent on an
expected fluid flow velocity.

13. The gust sensing vane of claim 1, wherein the gust
sensing vane aligns to the fluid flow direction with a time lag
less than 10 milliseconds at 250 knots of wind speed.

14. The gust sensing vane of claim 1, wherein the gust
sensing vane aligns to the fluid flow direction with a time lag
less than 5 milliseconds at 350 knots of wind speed.

15. The gust sensing vane of claim 1, wherein the angle of
the leading edge is between 10° to 30°.

16. The gust sensing vane of claim 1, wherein the angle of
the leading edge is approximately 20°.

17. The gust sensing vane of claim 1, further comprising a
curved transition between the forward portion and the aft
portion.



